SUMMARY Magnetic resonance imaging provides an accurate method for the measurement of left and right ventricular volume. The ratio ofleft ventricular stroke volume to right ventricular stroke volume was calculated from contiguous transverse magnetic resonance images and was used to measure the severity of regurgitation in 18 patients with aortic regurgitation and 10 with mitral regurgitation. Cardiac anatomy was well demonstrated, allowing an assessment of relative chamber volumes and associated abnormalities, although valve abnormality was not well seen. There was a weak correlation between magnetic resonance measurements of left ventricular end diastolic volume and stroke volume ratio. The stroke volume ratio differed significantly in four groups with increasing angiographic severity of regurgitation, and all but the group with trivial regurgitation differed significantly from normal. There was good correlation between magnetic resonance and radionuclide measurements of left ventricular ejection fraction and stroke volume ratio, although the stroke volume ratio was consistently overestimated by radionuclide ventriculography. Correlation was less good for the right ventricular ejection fraction, which was underestimated by radionuclide ventriculography.
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From the National Heart and Chest Hospitals, London SUMMARY Magnetic resonance imaging provides an accurate method for the measurement of left and right ventricular volume. The ratio ofleft ventricular stroke volume to right ventricular stroke volume was calculated from contiguous transverse magnetic resonance images and was used to measure the severity of regurgitation in 18 patients with aortic regurgitation and 10 with mitral regurgitation. Cardiac anatomy was well demonstrated, allowing an assessment of relative chamber volumes and associated abnormalities, although valve abnormality was not well seen. There was a weak correlation between magnetic resonance measurements of left ventricular end diastolic volume and stroke volume ratio. The stroke volume ratio differed significantly in four groups with increasing angiographic severity of regurgitation, and all but the group with trivial regurgitation differed significantly from normal. There was good correlation between magnetic resonance and radionuclide measurements of left ventricular ejection fraction and stroke volume ratio, although the stroke volume ratio was consistently overestimated by radionuclide ventriculography. Correlation was less good for the right ventricular ejection fraction, which was underestimated by radionuclide ventriculography.
It is concluded that magnetic resonance imaging provides valuable information in patients with valvar regurgitation, and serves as a suitable standard by which to judge conventional techniques.
Magnetic resonance imaging now has an established place in diagnostic imaging of the brain and spinal cord. Its value lies in high soft tissue contrast and high resolution and in the fact that contrast is determined partly by the biochemical environment of the protons forming the image. Moving organs in the thorax and abdomen require special techniques to minimise artefact, but images ofthe heart with excellent anatomical definition can be produced with electrocardiographic gating alone.' 3 (14 7), measured by the same method in a group of 20 normal subjects.4 There was no significant difference (p > 0 05) between mean right ventricular end diastolic volume in the patients (160ml (53.7)) and the same group of normal subjects (152 ml (20 9) ). Figure 4 shows the correlation between left ventricular end diastolic volume and the left to right ventricular stroke volume ratio measured by magnetic resonance. There is a loose but significant correlation (r = 0 75, standard error of the estimate (SEE) 88-8 ml, p < 0-001). Figure 5 compares magnetic resonance measurements of the stroke volume ratio with the semiquantitative assessment of severity of valvar regurgitation made at cardiac catheterisation. There was very little overlap between the four groups, and the mean stroke volume ratio increased with the severity of regurgitation. In the group with severe regurgitation, there was a wide range of stroke volume ratios (1 6-3 5), but in the other groups the ranges were narrower.
The mean (SD) values of stroke volume ratio in each group were: trivial 0 95 (0 11), mild 127.(0-09), moderate 1-50(0-10), severe 2-34(0 50). Mean (SD) stroke volume ratio in 20 normal subjects who had been studied previously was 1 01 (0-067),4 so that although there was no significant difference between normal and the group with trivial regurgitation (p > 0 05), in the other three groups the difference in mean stroke volume ratio was highly significant (p < 0 001). The differences between the groups with trivial and mild regurgitation and between those with mild and moderate regurgitation were 
(p < 0 05), and the difference between the moderate and severe groups was highly significant (p < 0 001).
Two patients were restudied after valve operation.
In one (preoperative image in fig 3) after homograft aortic root and valve replacement the stroke volume ratio fell from 2-0 to 0-95, and in the other after mitral valve repair it fell from 1 9 to 0 95. Overlap between right atrium and ventricle also leads to an underestimation of right ventricular background counts and right ventricular ejection fraction. Figure 7 shows that the radionuclide measurement of right ventricular ejection fraction is consistently lower than the magnetic resonance 459 . Irregular rhythms also degrade image quality because the size and position of the heart may vary with each heart beat. Many patients with mitral valve disease are in atrial fibrillation, but satisfactory images are still obtained (fig 1) . Because there is less variation in end systolic size of the ventricles the systolic images are better than diastolic. It is technically possible to reject data from beats with lengths outside a predetermined range if the aquisition time is extended. This is particularly helpful in patients with extrasystoles or profound sinus arrhythmia, but was not necessary in any of the patients in this study.
Accuracy in outlining the endocardium is also important and some experience is needed to achieve reproducible results. Visual methods are adequate for edge detection in these high resolution, high contrast images, but automatic edge detection would speed up 
